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Abstract
We study the effective operators of the standard model fields which would
yield an observable rate of neutrinoless double beta decay. We particularly
focus on the possibility that neutrinoless double beta decay is dominantly
induced by lepton-number-violating higher dimensional operators other than
the Majorana neutrino mass. Our analysis can be applied to models in which
neutrinoless double beta decay is induced either by a strong dynamics or by
quantum gravity effects at a fundamental scale near the TeV scale as well as
the conventional models in which neutrinoless double beta decay is induced
by perturbative renormalizable interactions.
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I. INTRODUCTION
The neutrinoless double beta decay (ββ0ν) provides a very sensitive probe of lepton-
number (L) violating interactions. The most commonly quoted origin of ββ0ν is the ee-
component of Majorana neutrino mass matrix in the charged lepton mass eigenbasis, which
is given by
(mν)ee =
∑
i
U2eimi = c
2
12c
2
13e
iα1m1 + s
2
12c
2
13e
iα2m2 + s
2
13e
iα3m3 , (1)
where mi (i = 1, 2, 3) are the neutrino mass eigenvalues, θij (i 6= j) and αi denote the mixing
angles and CP phases in the 3× 3 neutrino mixing matrix U , and cij = cos θij , sij = sin θij .
Recently there has been a report to claim ββ0ν with half-life time τ1/2 ≈ 1025 yrs [1]. Though
the claim is still debatable [2], some implications of this observation have been discussed
already in many papers [3]. If the origin of ββ0ν were due to (m
ν)ee, the data suggest
|(mν)ee| = 0.1− 0.6 eV. (2)
When combined with the information from atmospheric and solar neutrino data, this value
of (mν)ee severely constrains the possible form of neutrino mass matrix. In particular, it
does not allow the neutrino mass eigenvalues in normal hierarchy. As is well known, the
atmospheric neutrino data imply [4]
∆m2atm ≡ |m23 −m22| ≈ 3× 10−3 eV2, (3)
As for the solar neutrino anomaly, the following four-solutions are possible [5]:
∆m2sol = |m22 −m21| sin2 2θ12
LMA : 3.2× 10−5 eV2 0.75
SMA : 5.0× 10−6 eV2 2.4× 10−3
LOW : 1.0× 10−7 eV2 0.96
V AC : 8.6× 10−10 eV2 0.96 (4)
where LMA, SMA, LOW and VAC mean the large mixing angle MSW, small mixing angle
MSW, low mass, and vacuum oscillation solution, respectively, and the numbers in each
solution represent the best-fit values. There exists also a constraint on θ13 from the CHOOZ
reactor experiment [6]:
sin θ13 <∼ 0.2 . (5)
If the neutrino mass eigenvalues are in normal hierarchy, i.e. m3 ≫ m2 ≫ m1, which is one
of the plausible scenarios, the above information on θij and mi imply
|(mν)ee| =


(2 − 5)× 10−3 eV (LMA)
10−6 eV − Max(m1, s213m3) (SMA)
10−4 eV − s213m3 (LOW )
10−5 eV − s213m3 (V AC)
(6)
2
where
s213m3 = 2× 10−3
(
s213
4× 10−2
)
eV <∼ 2× 10−3 eV. (7)
Obviously, these values of (mν)ee are too small to induce ββ0ν with τ1/2 ≈ 1025 yrs. So if
the claimed ββ0ν turns out to be correct, we would have either (approximately) degenerate
neutrino masses or the observed ββ0ν is not due to (m
ν)ee, but due to some other L-violating
interactions. This would be true as long as τ1/2 ≪ 1029 yrs which can be tested in future
experiments [7].
The possibility that ββ0ν is dominantly induced by L-violating interactions other than
(mν)ee has been discussed before in the context of specific models [8–14], and also a brief
operator analysis of ββ0ν has been made in [15]. In this paper, we wish to provide a more
detailed operator analysis of ββ0ν by studying generic L-violating but baryon-number (B)
conserving higher-dimensional operators of the standard model (SM) fields which may induce
ββ0ν . The main focus will be given to the possibility that τ1/2(ββ0ν) ≈ 1025 yrs though (mν)ee
is in the range of (6). Our result can be easily matched to the previous studies on specific
models in which ββ0ν is induced by perturbative renormalizable interactions. It can be
applied also to models in which ββ0ν is induced by either a strong dynamics or quantum
gravity effects at energy scales near the TeV scale.
The organization of this paper is as follows. In section II, we classify the L-violating
operators of the SM fields which can trigger ββ0ν . In section III, we tabulate the contraint
on those ∆L = 2 operators from the condition τ1/2(ββ0ν) >∼ 1025 yrs, and also estimate
(mν)ee which would be radiatively-induced by the operators triggering ββ0ν . In section IV,
we consider two specific models, i.e. a left-right symmetric model [16,11] and a model with
scalar diquark and dilepton [17,13], which can give τ1/2(ββ0ν) ≈ 1025 yrs, while having (mν)ee
in the range of (6). We match our results to the previous analysis on these models. Section
V is the conclusion.
II. L-VIOLATING OPERATORS
In this section, we classify the L-violating but B-conserving operators of the SM fields
which would trigger ββ0ν . A complete analysis of ∆L = 2 operators which would induce
a nonzero Majorana neutrino mass can be found in [15]. The ∆L = 2 ββ0ν process may
be induced by a double insertion of ∆L = 1 interactions or a single insertion of ∆L = 2
interaction. However with the SM fields alone, there is no way to construct a B-conserving
operator with ∆L = 1. Since ββ0ν occurs at energy scales far below the weak scale, the
effects of quark-flavor-changing SM interactions on ββ0ν are suppressed by the small Fermi
constant and also the small quark-mixing angles. Also there is no renormalizable lepton-
flavor-changing interaction in the SM. With these observations, we can ignore the effects of
fermion-flavor-violation, so limit the analysis to the ∆L = 2 operators containing only the
first generation of quarks and leptons. We also limit our study only to the operators without
spacetime derivative or gauge field.
We use a notation in which all fermions are two-component Weyl spinors, i.e. ψ is a
left-handed spinor and ψ¯ is its right-handed hermitian conjugate. Generic fermion bilinear
3
can be a Lorentz scalar, vector, or tensor:
(ψχ)S = (ψχ), (ψχ¯)V = (ψσ
µχ¯), (ψχ)T = (ψσ
µνχ),
where σµν = (σµσ¯ν − σν σ¯µ)/4. Left-handed fermions relevant for ββ0ν are
ℓ = (1, 2)−1/2, e
c = (1, 1)1, q = (3, 2)1/6, u
c = (3¯, 1)−2/3, d
c = (3¯, 1)1/3 , (8)
where SU(3)C × SU(2)L × U(1)Y quantum numbers are indicated in parentheses. The SM
Higgs doublet is denoted by H = (h+, h0) = (1, 2)1/2 and H¯ is its hermitian conjugate. We
then have the following ∆L = 2 lepton bilinears
(ℓiℓj)S = (ℓ
jℓi)S, (ℓ
iℓj)T = −(ℓjℓi)T , (ℓie¯c)V , (e¯ce¯c)S, (9)
where i, j are SU(2)-doublet indices.
There is a unique ∆L = 2, dimension(d) = 5 operator
Ld=5 = − ξ
Λ
(ℓiℓj)SH
kH lǫikǫjl + h.c. , (10)
where Λ denotes the mass scale of L-violating new physics which is assumed to exceed the
weak scale, and the dimensionless ξ represents the strength of the couplings and/or the
possible loop suppression factor involved in the mechanism to generate the above d = 5
operator. After the electroweak symmetry breaking by 〈H〉 = (0, v/√2) with v = 246 GeV,
it gives the ee-component of the 3× 3 Majorana neutrino mass matrix:
(mν)ee =
ξv2
Λ
. (11)
This neutrino mass is bounded to be less than 1 eV by ββ0ν . Such a small neutrino mass
can be a consequence of very large value of Λ [18,19], e.g. ξ ∼ 1 and Λ ∼ 1014 GeV.
Alternatively, Λ can be of order TeV, but mν is small because ξ is small due to small
couplings in the underlying dynamics which may be a consequence of some flavor symmetries
[20], e.g. ξ ∼ 10−11 and Λ ∼ 1 TeV. At any rate, when combined with the double insertion
of the charged-current weak interaction, this Majorana neutrino mass leads to ββ0ν as in
Fig. 1.a.
It is rather easy to see that there is no B-conserving d = 6, ∆L = 2 operator. As for
d = 7, ∆L = 2 operators which would trigger ββ0ν , we have
Ld=7 = 1
Λ3
[
λS,T1 ǫikǫlj(ℓ
iℓj)S,T (q
kdc)S,TH
l + λT2 ǫijǫkl(ℓ
iℓj)T (q
kdc)TH
l
+λS,T3 ǫjl(ℓ
iℓj)S,T (q¯iu¯c)S,TH
l + λT4 ǫij(ℓ
iℓj)T (q¯ku¯c)TH
k
+λ5(ℓ
ie¯c)V (d
cu¯c)VH
jǫij
]
+ h.c. , (12)
where again Λ is the mass scale at which the above operators are generated. After the elec-
troweak symmetry breaking, these d = 7 operators yield the following 4-fermion operators:
v√
2Λ3
[
λ1 (νee)S(ud
c)S + λ2 (νee)T (ud
c)T + λ3 (νee)S(d¯u¯c)S
+λ4 (νee)T (d¯u¯c)T + λ5 (νee¯c)V (d
cu¯c)V
]
+ h.c. , (13)
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where
λ1 = λ
S
1 , λ2 = λ
T
2 − λT1 , λ3 = λS3 , λ4 = λT4 − λT3 .
When combined with a single insertion of the standard charged current weak interaction,
the above ∆L = 2 four-fermi interactions lead to ββ0ν as in Fig. 1.b.
As for the operators with d ≥ 8, we are interested in the operators which can induce ββ0ν
without involving the SM weak interaction. Such operators should contain two electrons, so
can be written as
Ld≥8 = (ℓiℓj)SOSij + (e¯cℓi)VOVi + (e¯ce¯c)SOS (14)
where OI = {OSij ,OVi ,OS} are the operators made of the quarks and Higgs fields. In order
to be ∆Qem = 2, OI must contain at least 4-quarks, so we need d ≥ 9. Any ∆Qem = 2
four-quark operator can be written as a product of two ∆Qem = 1 quark-antiquark bilinears:
OI = JIJ ′I where the quark-antiquark bilinears JI , J ′I can be either color-singlet or color-
octet. The hadronic matrix element for ββ0ν can be approximated as 〈Z + 2|OI |Z〉 ∝
〈p|JI |n〉〈p|J ′I |n〉 for the neutron state |n〉 and the proton state |p〉, and then OI with color-
octet JI can be ignored in the operator analysis of ββ0ν . The most general d = 9 operators
containing two color-singlet quark-antiquark bilinears together with two electrons are given
by
Ld=9 = 1
Λ5
[
κS,T1 ǫikǫjl(ℓ
iℓj)S(q
kdc)S,T (q
ldc)S,T + κ
S,T
2 (ℓ
iℓj)S(q¯iu¯c)S,T (q¯j u¯c)S,T
+κS,T3 ǫkj(ℓ
iℓj)S(q
kdc)S,T (q¯iu¯c)S,T + κ
V
3 ǫki(ℓ
iℓj)S(q
kq¯j)V (d
cu¯c)V
+κS,T4 ǫji(ℓ
ie¯c)V (d
cu¯c)V (q
jdc)S,T + κ
S,T
5 (ℓ
ie¯c)V (d
cu¯c)V (q¯iu¯c)S,T
+κ6(e¯ce¯c)S(d
cu¯c)V (d
cu¯c)V ] + h.c. . (15)
where all quark bilinears in the parentheses are color- singlet. These d = 9 operators give
the following 6-fermion operators which would trigger ββ0ν as in Fig. 1.c:
1
Λ5
[
κS,T1 (ee)S(ud
c)S,T (ud
c)S,T + κ
S,T
2 (ee)S(d¯u¯
c)S,T (d¯u¯
c)S,T
+κS,T3 (ee)S(ud
c)S,T (d¯u¯
c)S,T + κ
V
3 (ee)S(ud¯)V (u¯
cdc)V
+κS,T4 (ee¯
c)V (d
cu¯c)V (ud
c)S,T + κ
S,T
5 (ee¯
c)V (d
cu¯c)V (d¯u¯c)S,T
+κ6(e¯ce¯c)S(d
cu¯c)V (d
cu¯c)V ] + h.c. . (16)
As for the next higher dimensional d = 11 operators, we are interested in the operators
which can not be obtained by multiplying the gauge-invariant Higgs bilnear H iH¯i to d = 9
operators in (15). Among such operators, the following ones are relevant for ββ0ν :
Ld=11 = 1
Λ7
[
η′1ǫkmǫln(ℓ
iℓj)S(q
kq¯i)V (q
lq¯j)VH
mHn + η′′1ǫkjǫln(ℓ
iℓj)S(q
kq¯i)V (q
lq¯m)VH
mHn
+η′′′1 ǫikǫjm(ℓ
iℓj)S(q
kq¯l)V (q
mq¯n)VH
lHn + η2(ℓ
iℓj)S(d
cu¯c)V (d
cu¯c)V H¯iH¯j
+η′S,T3 ǫjlǫkm(ℓ
ie¯c)V (q
j q¯i)V (q
kdc)S,TH
lHm + η′′,S,T3 ǫijǫml(ℓ
ie¯c)V (q
j q¯k)V (q
ldc)S,TH
kHm
+η′′′S,T3 ǫilǫmj(ℓ
ie¯c)V (q
j q¯k)V (q
ldc)S,TH
mHk + η′S,T4 ǫjl(ℓ
ie¯c)V (q
j q¯i)V (q¯ku¯c)S,TH
kH l
+η′′S,T4 ǫji(ℓ
ie¯c)V (q
j q¯k)V (q¯lu¯
c)S,TH
lHk + η′′′S,T4 ǫjl(ℓ
ie¯c)V (q
j q¯k)V (q¯iu¯
c)S,TH
lHk
+ηS,T5 ǫikǫjl(e¯
ce¯c)S(q
idc)S,T (q
jdc)S,TH
kH l + ηS,T6 (e¯
ce¯c)S(q¯iu¯c)S,T (q¯j u¯c)S,TH
iHj
+ηS,T7 ǫik(e¯
ce¯c)S(q
idc)S,T (q¯j u¯c)S,TH
jHk + η7ǫik(e¯ce¯c)S(q
iq¯j)V (d
cu¯c)VH
jHk
]
, (17)
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After the EWSB, these d = 11 operators give the following 6-fermion operators leading to
ββ0ν as in Fig. 1.c:
v2
2Λ7
[
η1(ee)S(ud¯)V (ud¯)V + η2(ee)S(d
cu¯c)V (d
cu¯c)V
+ηS,T3 (ee¯
c)V (ud¯)V (ud
c)S,T + η
S,T
4 (ee¯
c)V (ud¯)V (d¯u¯
c)S,T
+ηS,T5 (e¯
ce¯c)S(ud
c)S,T (ud
c)S,T + η
S,T
6 (e¯
ce¯c)S(d¯u¯
c)S,T (d¯u¯
c)S,T
+ηS,T7 (e¯
ce¯c)S(ud
c)S,T (d¯u¯
c)S,T + η7(e¯
ce¯c)S(ud¯)V (d
cu¯c)V
]
+ h.c , (18)
where
η1 = η
′
1 + η
′′
1 + η
′′′
1 ,
ηS,T3 = η
′S,T
3 + η
′′S,T
3 + η
′′′S,T
3 ,
ηS,T4 = η
′S,T
4 + η
′′S,T
4 + η
′′′S,T
4 . (19)
III. CONSTRAINTS FROM ββ0ν
To determine the ββ0ν rate induced by the operators presented in section II, one needs
to compute the nuclear matrix elements of the involved multi-quark operators1. In this
paper, we will use the results of [21] for the necessary nuclear matrix elements. We will also
assume that ββ0ν is dominated by one of the operators in (10),(12), (15) and (17), so ignore
possible interference between the contributions from different operators. The resulting τ1/2
have several sources of uncertainties, e.g. the RG evolution effects, hadronic uncertainties
in the nuclear matrix elements, and also possible interference effects, however still it can be
used to constrain L-violating interactions with a reasonable accuracy.
If ββ0ν is induced dominantly by (m
ν)ee, one finds [1]
τ−1
1/2 = 1.1× 10−13
(
v2
Λme
)2
|ξ|2 yr−1 = 7.4× 10−30
(
(mν)ee
4× 10−3 eV
)2
yr−1 (20)
In case that ββ0ν is dominated by one of d ≥ 7 operators in section II, the resulting τ−11/2
can be written as τ−1
1/2 = |ǫ|2Φǫ where ǫ contains the operator coefficient, while Φǫ contains
the phase space factors and nuclear matrix elements depending on the Lorentz structure
of the corresponding operator. Using the results of [21], the numerical values of Φǫ can be
obtained as summarized in Tables I and II. For d = 7 operators of (12) giving the 4-fermion
operators (13), ββ0ν occurs as in Fig.1(b). We then find the corresponding half–life time
1In fact, since the ∆L = 2 operators are assumed to be generated at scale Λ, one also needs to
compute the renormalization group evolution of the operators over the scales from Λ to ΛQCD ∼ 1
GeV. Taking into account the effects of such renormalization group evolution is beyond the scope
of this paper, so will be ignored.
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τ−1
1/2 =
1
128
(
v3
Λ3
)2 [
16|λ1,3,5|2, |λ2,4|2
]
Φλi yr
−1, (21)
where the numerical values of Φλi are listed in Table I. The upperbound on λ’s resulting
from the condition τ1/2 >∼ 1025 yrs are summarized in Table III.
It is also straightforward to compute τ1/2 for ββ0ν induced by d = 9 and d = 11 operators
of (15) and (17). For d = 9 operators, we find
τ−1
1/2 =
(
mpv
4
8Λ5
)2 [
16|κS1,2,3,4,5|2, 16|κV3 |2, 4|κT4,5|2, |κT1,2,3|2, 16|κ6|2
]
Φκi yr
−1, (22)
and for d = 11 operators,
τ−1
1/2 =
(
mpv
6
16Λ7
)2 [
16|η1,2,7|2, 16|ηS3,4,5,6,7|2, 4|ηT3,4|2, |ηT5,6,7|2
]
Φηi yr
−1, (23)
where mp is the proton mass and the numerical values of Φκi and Φηi are listed in Table II.
The resulting constraints on κ’s and η’s for τ1/2 >∼ 1025 yrs are summarized in Table IV and
V.
The above equations (21), (22) and (23) summarizing the ββ0ν rate of d = 7, 9, 11
operators and the resulting constraints on the operator coefficients λ’s, κ’s and η’s listed in
Tables III, IV, V are the main results of this paper. Still one of our major concern is the
possibility that ββ0ν is induced dominantly by one of d ≥ 7 operators, not by the d = 5
operator for (mν)ee. This would occur for instance if some of λ’s or κ’s saturate their bounds
from ββ0ν , while ξ is small enough to give (m
ν)ee ≪ 1 eV. In fact, the condition (mν)ee ≪ 1
eV constrains the coefficients of d ≥ 7 operators also since those operators can generate
(mν)ee through loops. For instance, the d = 7 operator with coefficients λ
S
1,3 in (12) generate
the d = 5 operator for (mν)ee through the one-loop diagram of Fig. 2.a, yielding
δλξ ∼ yd,u
16π2
λS1,3 , (24)
where we have taken the cutoff of the loop momenta to be Λ and yd,u is the down(up)–quark
Yukawa couplings. Other d = 7 operators can generate ξ also, however it involves more
loops and/or more insertions of small Yukawa couplings. For instance, the operator with
coefficient λ5 in (12) generates ξ through the 2-loop diagram of Fig. 2.b, yielding
δλξ ∼ yuydye
(16π2)2
λ5 , (25)
where ye is the electron Yukawa coupling. As a result, δλξ from other d = 7 operators are
negligibly small compared to δλξ from λ
S
1,3.
Similarly, the d = 9 operators with coefficients κS1,2,3 in (15) generate the d = 5 operator
for (mν)ee at two-loop order (Fig. 2.c):
δκξ ∼ (y
2
d, y
2
u, ydyu)
(16π2)2
κS1,2,3 , (26)
where again the cutoff of the loop momenta is chosen to be Λ. Other d = 9 operators and
also the d = 11 operators can generate ξ, however again the corresponding diagrams involve
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more loops and/or more insertions of small Yukawa couplings. For instance, the d = 9
operator with coefficient κ6 generates ξ through the 4-loop diagram of Fig. 2d, yielding
δκξ ∼ y
2
uy
2
dy
2
e
(16π2)4
κ6 , (27)
which is absolutely negligible even when κ6 saturates the bound from ββ0ν .
Combining (20), (21) and (22) with (24) and (26), one easily finds
τ−1
1/2(λ
S
1,3)
τ−1
1/2(δλξ)
∼ 3× 103
(
TeV
Λ
)4
,
τ−1
1/2(κ
S
1,2,3)
τ−1
1/2(δκξ)
∼ 3× 107
(
TeV
Λ
)8
, (28)
implying that if the scale Λ of L-violating interactions is about 1 TeV, it is quite possible
that ββ0ν is dominantly induced by one of ∆L = 2, d = 7 or d = 9 operators. In particular,
one of d = 7 or d = 9 operators can give τ1/2(ββ0ν) ≈ 1025 yrs even when (mν)ee is in the
range of (6) as suggested by the atmospheric and solar neutrino oscillation data in normal
neutrino mass hierarchy.
IV. APPLICATIONS TO SOME MODELS
Our results in the previous section can be applied to various kind of models providing
L-violating interactions for ββ0ν and/or neutrino mass. In this section, we consider some
specific models of ββ0ν which have been discussed in the literatures [11,13] and use our results
to rederive the constraints on L-violating couplings from the condition τ1/2(ββ0ν) >∼ 1025 yrs.
Let us first consider a model in which d = 7 operators can be a dominant source of
ββ0ν . An example of such model is the left-right symmetric model [16,11] with gauge group
SU(3)C×SU(2)L×SU(2)R×U(1)B−L. The Higgs sector of the model contains a bi-doublet
φ and also triplets ∆L and ∆R whose SU(2)L × SU(2)R × U(1)B−L quantum numbers are
given by
∆L = (3, 1)2 =
(
δ+L /
√
2 δ++L
δ0L −δ+L /
√
2
)
,
∆R = (1, 3)2 =
(
δ+R/
√
2 δ++R
δ0R −δ+R/
√
2
)
,
φ = (2, 2)0 =
(
φ01 φ
+
1
φ−2 φ
0
2
)
,
where the subscripts are the U(1)B−L charges. The model contains also the left and right-
handed lepton doublets:
ℓL =
(
ν
e
)
= (2, 1)−1, ℓ¯R =
(
N¯ c
e¯c
)
= (1, 2)−1 ,
as well as the quark doublets
8
QL =
(
u
d
)
= (2, 1)1/3, Q¯R =
(
u¯c
d¯c
)
= (1, 2)1/3 .
Yukawa interactions of the 1st generation are given by
LY = hℓLφℓR + h˜ℓLσ2φ∗σ2ℓR + hQQLφQR + h˜QQLφ˜QR
+ fℓLiσ2∆LℓL + fℓRiσ2∆
†
RℓR + h.c. (29)
Parameters in the Higgs potential can be chosen to yield the Higgs vacuum expectation
values 〈δ0L,R〉 = vL,R and 〈φ〉 = diag(κ, κ′) with the scale hierarchy vR ≫ κ ≫ κ′ ≫ vL.
Then the fermion masses of the model are given by me ≈ h˜κ, mu ≈ hQκ, md ≈ h˜Qκ for
κ ∼ 180 GeV, and the neutrino mass
(mν)ee ≈ (hκ)
2 − 4f 2vLvR
2fvR
. (30)
The model can generate also the d = 7 operators of (12) (with coefficients λS1,3) through the
diagram of Fig.3.a, yielding
λS1
Λ3
≈ γvRf
m2∆L
(
hQ
m2φ1
− h˜
Q
m2φ2
)
,
λS3
Λ3
≈ γvRf
m2∆L
(
h˜Q
m2φ1
− h
Q
m2φ2
)
, (31)
where γ is the coefficient of the term tr(∆†Lφ∆Rφ
†) in the Higgs potential. Then there
exists a parameter range of the model in which ββ0ν is dominated by these d = 7 operators.
For instance, if fvR ∼ m∆L ∼ 105 GeV, mφ ∼ 2 × 102 GeV, and γ ∼ 10−1, the resulting
λS1,3/Λ
3 ∼ 10−6/(TeV)3 saturates the bound listed in Table III, so lead to ββ0ν with τ1/2 ∼
1025 yrs. Though not very natural, still the parameters of the model can be tuned to yield
(mν)ee = O(10−3) eV, while keeping λS1,3/Λ3 ∼ 10−6/(TeV)3. So the model can accomodate
τ1/2(ββ0ν) ∼ 1025 yrs together with the atmospheric and solar neutrino oscillation data in
hierarchical neutrino mass scenario.
As an example of model in which d = 9 operators of (15) can be a dominant source of
ββ0ν , let us consider a model containing scalar-diquarks and scalar-dilepton [17,13] with the
following SU(3)c × SU(2)L × U(1)Y quantum numbers:
∆u = (6, 1)4/3, ∆d = (6, 1)−2/3, ∆e = (1, 1)−2 . (32)
The Yukawa couplings of the model are assumed to include
hu∆uu
cuc + hd∆dd
cdc + he∆ee
cec (33)
and also the Higgs potential contains
µ∆u∆
†
d∆e (34)
which breaks L-conservation.
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With the above interactions, a d = 9 operator for ββ0ν is generated at tree level as
depicted in Fig. 3b. The resulting operator corresponds to the κ6 term of (15):
κ6
Λ5
(e¯ce¯c)S(d
cu¯c)V (d
cu¯c)V , (35)
where
κ6
Λ5
=
µhuhdhe
8m2∆um
2
∆d
m2∆e
. (36)
If hu,d,e ∼ 1, m∆u,d,e ∼ 1 TeV and µ ∼ 250 GeV, the resulting κ6/Λ5 ∼ 3 × 10−2/(TeV)5
saturates the bound in Table IV, so the model leads to ββ0ν with τ1/2 ∼ 1025 yr. On the
other hand, (mν)ee induced by the L-violating interaction (34) is 4-loop suppressed and
involves 6-powers of small Yukawa couplings as in Fig. 2.d:
(mν)ee ∼ y
2
uy
2
dy
2
e
(16π2)4
huhdheµ〈H〉2
m2∆
. (37)
This (mν)ee is absolutely negligible, (m
ν)ee ∼ 10−30 eV, even when κ6/Λ5 saturates its
bound. So one needs additional L-violating interactions to generate neutrino masses which
would explain the atmospheric and solar neutrino oscillation data in hierarchical neutrino
mass scenario.
V. CONCLUSION
Motivated by the recent claim of observing ββ0ν with τ1/2 ≈ 1025 yrs, we studied the
effective ∆L = 2 operators of the SM fields which would generate ββ0ν . We classified
such operators up to mass dimension d = 11, and find the upper bound on each operator
coefficient resulting from the condition τ1/2 >∼ 1025 yrs. Our results are summarized in
Tables III, IV, V. We also examined the possibility that d = 7 or 9 operators are a dominant
source of ββ0ν in the context of generic operator analysis, particularly the possibility that
τ1/2(ββ0ν) ∼ 1025 yrs, while (mν)ee = O(10−3) eV as suggested by the atmospheric and solar
neutrino oscillation data in hierarchical neutrino mass scenario. As we have demonstrated in
section IV, our results can be easily matched to the previous analysis on specific models in
which ββ0ν is induced by perturbative renormalizable interactions. They can be also applied
to models in which ββ0ν is induced by either a strong dynamics or quantum gravity effects
at scales near the TeV scale.
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FIG. 1. Feynman diagrams for ββ0ν . (a) corresponds to the conventional ββ0ν induced by
(mν)ee. (b) represents ββ0ν induced by the combined effects of a d = 7, ∆L = 2 operator (dark
blob) and the SM charged current weak interaction, while (c) represents ββ0ν induced by a d = 9
or 11, ∆L = 2 operator.
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FIG. 2. Feynman diagrams for the d = 5 operator for (mν)ee radiatively induced by d = 7 or
d = 9 operators
13
d
u

q
q


L
h
R
i


`
`
(a)
d
d

d

u

e
u
u
e
e
(b)
FIG. 3. (a) Feynman diagram for the d = 7 operator with coefficients λS1,3 in the left–right
symmetric model. (b) Feynman diagram for the d = 9 operator with coefficient κ6 induced by the
exchange of scalar diquarks and dilepton.
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TABLES
TABLE I. Numerical values of Φλi obtained using the results of Ref. [21].
λ1 λ2 λ3 λ4 λ5
6.9× 10−10 2.9× 10−8 6.9× 10−10 2.0× 10−7 1.7× 10−13
TABLE II. Numerical values of Φκi and Φηi obtained using the results of Ref. [21].
κS1,2,3, η
S
5,6,7 κ
T
1,2,3, η
T
5,6,7 κ6, η1,2 κ3, η7 κ
S
4,5, η
S
3,4 κ
T
4,5, η
T
3,4
6.2× 10−13 1.4× 10−8 3.5 × 10−11 5.6× 10−10 1.4 × 10−12 1.4× 10−10
TABLE III. Upperbounds on the coefficient of d = 7 operators from τ1/2 ≥ 1025 yrs. Here
ΛTeV = Λ/TeV
λ1/Λ
3
TeV λ2/Λ
3
TeV λ3/Λ
3
TeV λ4/Λ
3
TeV λ5/Λ
3
TeV
2.3× 10−6 1.4× 10−6 2.3× 10−6 5.3× 10−7 1.4× 10−4
TABLE IV. Upperbounds on the coefficients of d = 9 operators
κS1,2,3/Λ
5
TeV κ
T
1,2,3/Λ
5
TeV κ
V
3 /Λ
5
TeV κ
S
4,5/Λ
5
TeV κ
T
4,5/Λ
5
TeV κ6/Λ
5
TeV
2.3× 10−1 6.2 × 10−3 7.7× 10−3 1.5× 10−1 3.1× 10−2 3.1× 10−2
TABLE V. Upper bounds on the coefficients of d = 11 operators
η1,2/Λ
7
TeV η
S
3,4/Λ
7
TeV η
T
3,4/Λ
7
TeV η
S
5,6,7/Λ
7
TeV η
T
5,6,7/Λ
7
TeV η7/Λ
7
TeV
1.0 5.1 1.0 7.6 0.2 0.3
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